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“As pessoas costumam dizer que a motivação não dura muito. Um banho 












A cultura de tecidos vegetais propicia em um período curto de tempo a multiplicação de 
plantas geneticamente idênticas em larga escala, permite a produção de metabólitos 
secundários em ambiente controlado para aplicação na agricultura e na indústria. Pinhão 
manso (Jatropha curcas L.) é uma planta usada para produção de biodiesel com alto 
teor de óleo e apresenta grande quantidade de compostos bioativos que podem ser 
utilizados para desenvolvimento de novos produtos na indústria. Por essa razão os 
objetivos desse trabalho foram: (1) Estabelecer curva de crescimento de calos e avaliar 
o perfil dos ácidos graxos do óleo bruto (pinhão manso); (2) Avaliar a atividade anti-
helmíntica do extrato aquoso quente do grão e do calo de J. curcas, testar a toxicidade 
dos extratos em náuplios de Artemia salina e identificar os possíveis compostos 
bioativos associados à atividade anti-helmíntica. (1) A cinética da curva de crescimento 
de calos de pinhão manso apresentou padrão de curva sigmoidal com seis fases 
distintas: lag, exponencial, linear, desaceleração, estationária e de declínio. O perfil 
lipídico do óleo bruto dos calos apresentaram ácidos graxos de cadeias médias e cadeias 
longas, onde o ácido graxo de maior percentagem no extrato foi o ácido palmítico 
(55%) e o perfil lipídico do extrato do calo é diferente do perfil lipídico da semente de J. 
curcas. (2) Extrato aquoso quente do grão (pHs 5,7 e 9) e do calo (pH 5), 115 dias de 
cultivo, de J. curcas obtiveram atividade anti-helmítica e os extratos não foram 
citotóxicos, testados em Artemia salina. Os fitoquimicos nematicidas não foram 
completamente elucidados. Em diferentes pHs de extração e tipos de tecidos apresentou 
diferentes compostos nematicidas, como acidos graxos, furfural e ésteres de forbol. 
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The plant tissue culture allows the multiplication of genetically identical plants on a 
large scale, allowing the production of secondary metabolites in a controlled 
environment for application in agriculture and industry. Jatropha curcas L. is a plant 
used for the production of biodiesel with high oil content and presents a great amount of 
bioactive compounds that can be used to develop new products in the industry. The 
purpose of the present study were: (1) To establish a calli growth curve and to evaluate 
the fatty acid profile of crude oil extracted from callus.; (2) To evaluate the anthelmintic 
activity of hot aqueous extracts of kernels and calli of J. curcas, the toxicity effects of 
these extracts against Artemia salina nauplii and to identify the bioactive compounds 
associated to anthelmintic activity. (1) The Kinetics of the callus growht curve 
presented a sigmoid standard curve with six distinct phases: lag, exponential, linear, 
deceleration, stationary and decline. The calli produced medium-chain and long-chain 
fatty acids and the palmitic acid was the fatty acid with the highest proportion in oil. 
The lipid profile obtained in callus oil was different from the seed oil profile. (2) The 
hot aqueous extracts of J. curcas kernel (pHs 5,7 and 9) and callus (pH 5), 115 days of 
culture was efficient for anthelmintic activity, in lethal concentration, 50%, (LC50), and 
these extracts were not toxic against Artemia salina. The nematicidal fitochemicals were 
not completed elucidated. The different pH extraction and tissue type presented 
different nematicidal compounds, such as fatty acids, furfural and phorbol esters. 
 
Keywords Plant Tissue culture • lipid composition • natural nematicide • phorbol esters 




















1 INTRODUCTION ............................................................................................................. 11 
1.1 General objective ...................................................................................................... 12 
1.2 Specific objectives .................................................................................................... 12 
CHAPTER I (RESEARCH RESULTS) - CALLUS GROWTH KINETICS OF PHYSIC 
NUT (Jatropha curcas L.) AND CONTENT OF FATTY ACIDS FROM CRUDE OIL 
OBTAINED in vitro. ............................................................................................................ 13 
ABSTRACT ......................................................................................................................... 13 
1 INTRODUCTION ............................................................................................................. 13 
2 Material and methods ........................................................................................................ 15 
2.1 Plant material and culture conditions ........................................................................ 15 
2.2 Callus kinetics growth .............................................................................................. 15 
2.3 Biochemical analysis ................................................................................................ 15 
2.4 Analysis of fatty acid composition ........................................................................... 16 
2.5 Statistical analysis ..................................................................................................... 16 
3 Results and discussion ....................................................................................................... 16 
3.1 Calli growth kinetics ................................................................................................. 16 
3.2 Total protein and amino acids ................................................................................... 18 
3.3 Total soluble sugars and reducing sugars ................................................................. 20 
3.4 Ethereal extract ......................................................................................................... 22 
3.5 Fatty acid composition .............................................................................................. 23 
4 Conclusions ....................................................................................................................... 25 
CHAPTER II (RESEARCH RESULTS) - ANTHELMINTIC ACTIVITY AND 
CYTOXICITY EFFECTS OF HOT AQUEOUS EXTRACTS OF KERNELS AND 
CALLUS OF PHYSIC NUT (Jatropha curcas L.) – Euphorbiaceae .................................. 26 
ABSTRACT ......................................................................................................................... 26 
INTRODUCTION ................................................................................................................ 26 
2 Material and methods ........................................................................................................ 27 
2.1 Chemical reagents ..................................................................................................... 28 
2.2 Plant material and culture conditions ........................................................................ 28 
2.3 Callus induction ........................................................................................................ 28 
2.4 Hot aqueous extraction ............................................................................................. 28 
 
 
2.5 Anthelmintic activity ................................................................................................ 29 
2.6 Cytotoxicity of the extracts by Artemia salina bioassay .......................................... 29 
2.7 Characterization by Fourier transform infrared spectroscopy (FTIR). ..................... 30 
2.8 Analysis of carbohydrates and its derivatives ........................................................... 30 
2.9 Phorbol esters (PHes) determination ........................................................................ 30 
2.10 Analysis of fatty acid composition. ........................................................................ 31 
2.11 Statistical analysis ................................................................................................... 32 
2.12 In silico screening of anthelmintic compounds ...................................................... 32 
3 Results and Discussion ...................................................................................................... 32 
3.1 Anthelmintic activity of kernel and callus extracts .................................................. 32 
3.2 Cytotoxicity. ............................................................................................................. 34 
3.3 Extract characterization by FTIR .............................................................................. 35 
3.4 Partial characterization of the extracts ...................................................................... 37 
3.5 In silico analysis for nematicidal activity of compounds ......................................... 39 
4 CONCLUSIONS ............................................................................................................... 42 
5 GENERAL CONCLUSIONS ........................................................................................... 43 
6 SUGGESTIONS FOR FUTURE RESEARCH ................................................................. 44 
7 PAPERS PUBLISHED ..................................................................................................... 45 


















Plant tissue culture techniques used in the culture by propagating elite clones of 
controlled conditions. The ability of morphogenesis is controlled by cell totipotency, 
can be directed to organogenesis or embryogenesis and to most varied applications: 
massive multiplication of selected plants, cell culture, genetic transformation, protoplast 
culture. Diverse approaches for metabolites production involving plant tissue culture 
can be performed, such as calli culture, cell suspension culture, hairy root and multiple 
shoots. 
Physic nut (Jatropha curcas L.) belongs to Euphorbiaceae family, is native of 
the american tropics and cultivated in tropical and subtropical regions around the world 
and currently is in domestication process. It presents high oil content, drought tolerance, 
easy cultivation and its oil is used for biofuel production. Moreover, this plant is an 
important candidate for the development of new products such as biopesticides, 
antihelmintics, molluscicides and fungicides. The main base for these products are the 
phorbol esters, which have molluscicidal, insecticidal, fungicidal activities. Such 
properties have been demonstrated in lab-scale experiments. On the other hand, the 
compound responsible for the anthelmintic activity remains unknown. 
The concentration and composition of plant secondary metabolites can be 
influenced by climate, soil, genetic factors, harvest time and solar radiation. It is known 
that the chemical composition of seeds of J. Curcas can vary in some regions. 
Moreover, the protocols and solvents used for extraction promote variation in 
concentrations of the metabolits present in extracts revealed the presence of bioactive 
constituents that may be responsible for the anthelmintic activity. Anthelmintics are 
drugs that may act locally to expel worms from the gastrointestinal tract (GIT) or 
systemically to eradicate adult helminths or development forms that invade organs and 
tissues (Jain and Jain, 1972). The World Health Organization (WHO) reveals that over 
two billion people are suffering from parasitic worm infections is estimated that by the 
year 2025, about 57% of the population in developing countries will be influenced 
(Mulla, et al., 2010). 
The first chapter describes to establish a calli growth curve and to evaluate the 
fatty acid profile of crude oil extracted from callus of Jatropha curcas L. The physic nut 
(Jatropha curcas L.) is a perennial plant that belongs to Euphorbiaceae family and 
currently is in domestication process and this protocol represents a tool to candidate for 
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the development of new products such as biopesticides, antihelmintics, molluscicides 
and fungicides. The second chapter approaches to evaluate the anthelmintic activity of 
hot aqueous extracts of kernels and calli of J. curcas, the toxicity effects of these 
extracts against Artemia salina nauplii and to identify the bioactive compounds 
associated to anthelmintic activity. 
 
1.1 General objective 
In order to develop new nematicidal from Jatropha curcas L., such as to 
establish calli growth kinetics, evaluate the fatty acid profile of crude oil extracted from 
callus, to evaluate the anthelmintic activity of hot aqueous extracts of kernels and calli. 
 
1.2 Specific objectives 
1. In order to establish calli growth kinetics; 
2. To evaluate the fatty acid profile of crude oil extracted from callus; 
3. To evaluate the anthelmintic activity of hot aqueous extracts of kernels and 
calli of J. curcas; 
4. To evaluate the toxicity effects of hot aqueous extracts of kernels and calli of 
J. curcas against Artemia salina nauplii; 
















CHAPTER I (RESEARCH RESULTS) - CALLUS GROWTH KINETICS OF 
PHYSIC NUT (Jatropha curcas L.) AND CONTENT OF FATTY ACIDS FROM 
CRUDE OIL OBTAINED in vitro. 
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The callus growth kinetics allows identifying the appropriate moment for callus pealing 
and monitoring the accumulation of primary and secondary metabolites. The physic nut 
(Jatropha curcas L.) is a plant species used for biofuel production due to its high oil 
content; however this plant presents a great amount of bioactive compounds which can 
be useful for industry. The aim of this research was to establish a calli growth curve and 
to evaluate the fatty acid profile of crude oil extracted from callus. The callus growth 
kinetics presented a sigmoid standard curve with six distinct phases: lag, exponential, 
linear, deceleration, stationary and decline. Total soluble sugars were higher at the 
inoculation day. Reducing sugars were higher at the inoculation day and at the 80
th
 day. 
The highest percentage of ethereal extract (oil content) was obtained at the 120
th
 day of 
culture, reaching 18% of crude oil from the callus. The calli produced medium-chain 
and long-chain fatty acids (from 10 to 18 carbon atoms).The palmitic acid was the fatty 
acid with the highest proportion in oil (55.4%). The lipid profile obtained in callus oil 
was different from the seed oil profile. 
 
Keywords Lipid profile • callus curve • Lipid composition • Callogenesis • Tissue 





The physic nut (Jatropha curcas L.) is a perennial plant that belongs to 
Euphorbiaceae family and currently is in domestication process (Costa et al. 2011; 
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Horbach et al. 2014). It presents high oil content, drought tolerance, easy cultivation 
and its oil is used for biofuel production. Moreover, this plant is an important candidate 
for the development of new products such as biopesticides, antihelmintics, 
molluscicides and fungicides. The main base for these products are the phorbol esters, 
which have molluscicidal (Goel et al. 2007; Zhang 2012; Devappa et al. 2012), 
insecticidal (Li et al. 2004) and fungicidal activities (Devappa et al. 2012). Such 
propertieshave been demonstrated in lab-scale experiments. On the other hand, the 
compound responsible for the anthelmintic activity remains unknown. However, other 
compounds were also identified for molluscicidal activity, such as Curcusone D and 
Jatropholone B (Zhang 2012). 
Several compounds present in the physic nut have a great potential to be used 
for the development of new pharmaceutical drugs. Noteworthy, for cancer disease, some 
compounds  already identified which present antitumor activities, as the jatrophone 
(Kupchan et al. 1976), curcacycline A (Van der Berg et al. 1995), curcin (Lin et al. 
2003) jatrophine, jatropham and curcain (Reddy and Pamidimarri, 2010). Moreover, 
this species presents also antimicrobial activities, as well as for some fungi (Devappa et 
al. 2012). Curcin at 5 µg.mL
-1
 inhibited hyphal growth and spore formation in 
Pyricularia oryzae, Pestalotia funereal, RhizoctoniasolaniandSclerotiniasclerotiorum 
(Wei et al. 2004). The seed oil can be applied to treat eczema and skin diseases and to 
soothe rheumatic pain (Heller 1996). 
The plant tissue culture is an important tool that allows the production of 
primary and secondary metabolites in environmental controlled conditions, independent 
of climatic conditions. Diverse approaches for metabolites production involving plant 
tissue culture can be performed, such as calli culture, cell suspension culture, hairy root 
and multiple shoots. Moreover, the culture in bioreactors can promote a higher 
production of biomass than the conventional culture using flasks (Scheidt et al. 2011). 
Calli induced from endosperm of physic nut can be used to produce curcin (Rong and 
Wang 2005). However, the knowledge of the metabolite production and its biosynthesis 
in physic nut calli is insufficient. Nevertheless, the production of oils from callus can be 
an interesting strategy to study the biosynthesis of fatty acids and other metabolites 
including industrial applications.  
The aim of this research was to establish calli growth kinetics and to evaluate 




2 Material and methods 
 
2.1 Plant material and culture conditions  
 
Seeds of a toxic variety of physic nut (Jatropha curcas L.) were purchased from 
Carol Company, Dourados City, Mato Grosso do Sul State, Brazil. In order to establish 
the seedlings (explant donors)in vitro, seeds were decoated and immersed in 70% 
ethanol for 1 min and immersed in 2.5% sodium hypochlorite for 10 min (all solutions 
were agitated manually in laminar flow cabinet during seed immersion), after the 
disinfection the seeds were washed four times with distilled water and autoclaved. The 
seeds were sowed on MS medium (Murashige and Skoog, 1962) with 30 g.L
-1
 sucrose 




). The pH was adjusted to 5.8 (Costa et al. 
2010). All explants were maintained in a growth chamber under light (photoperiod of 





by white fluorescent lamps. 
 
2.2 Callus kinetics growth 
 
In order to induce calli formation, hypocotyl explants were excised from 
seedlings, and after 15 days they germinated with approximately 1.0 cm length. The 
inoculation of explants was carried out on MS medium containing 3% sucrose, 0.7% 
agar, pH adjusted to 5.8 and supplemented with 0.5 mg.L
-1
 2,4-D (2,4-
Dichlorophenoxyacetic acid) (Soomro and Memon 2007). The hypocotyl weight was 
discounted from the calli weight. There was no subculture during the experimental 
period. Fresh weight, dry weight, total soluble sugars, reducing sugars, total protein and 





2.3 Biochemical analysis 
 
In order to prepare the analysis, three samples containing 500 mg calli were 
homogenized in a grail with 5 mL 0.1 M potassium phosphate buffer (pH 7.5). The total 
protein content and amino acids were determined using the methodology described by 
Bradford (1976) and Stein and Moore (1948), respectively. The levels of soluble sugars 
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were determined using the method described by Yemm and Willis (1954). The reducing 
sugars were determined using the methodology described by Miller (1959). In order to 
determine the ethereal extract from callus tissue, the callus oil was extracted using 
petroleum ether (55-60
o
 C) in a soxhlet extractor for 5h at room temperature.  
 
2.4 Analysis of fatty acid composition 
 
The methyl esters were prepared from the total lipids (crude oil from callus 
tissues) by the method of AOAC (1990). These fatty acid methyl esters were analyzed 
by a gas chromatography coupled with a mass spectrometry detector (GC-MS, Varian 
brand), model 3800 CP/Saturn 2000 equipped with the CP-Sil CB 8 column (30 m X 
0.25 mm). The initial temperature was 60º C with an elevation rate of 3° C/min until 
250 ºC. The split was 1/200. The scanning range was from 30 to 500 m/z. The 
identification was carried out in comparison with the NIST 98 MS Library (Varian 
1998) in addition to the specific literature (Adams 2007). The linear retention index and 
the theoretical retention confirmed the identifications. A standard fatty acid methyl ester 
mixture was run and the retention times were used to identify the sample peaks. Fatty 
acid levels were estimated as area percent of total peak area of methyl esters. 
 
2.5 Statistical analysis 
 
The experimental design was a completely randomized design with three 
replicates; ten test tubes were used per replicate. The data was submitted in a normality 
analysis for the Lilliefors´s test, and submitted to the analysis of variance (ANOVA) 
followed by regression analysis. All statistical analyses were done following the 
procedures of the software SOC (Embrapa 1990). 
 
3 Results and discussion 
 
3.1 Calli growth kinetics 
 
The calli originated in this experiment had a compact appearance, and no visual 
changes in its appearance were observed until the end of the experiment. The growth 
curve determined by the observed points (i.e. the curve plotted using points obtained by 
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measurements), for the dry and fresh calli presented a sigmoid standard curve with six 
distinct phases: lag, exponential, linear, deceleration, stationary and decline (Figure 1). 
The lag phase occurred until 10 days after the experiment installation, during this period 
no morphogenic event was visually verified. The exponential phase began at the 10
th
day 
and finished at the 60
th 
day. During this period calli induced from hypocotyls began to 
proliferate. The linear phase occurred between the 60
th
 and the 100
th
 days. During this 
period an intense cellular proliferation was observed resulting in a fast growth of calli. 
The deceleration phase occurred after the 100
th
 day and finished at the 120
th
 day, when 
the higher yield of callus biomass was obtained, an average of 93.9 g. The stationary 
phase was verified from the 120
th
 day until the 130
th
 day, followed by a decline phase 
that began at the 130
th
 day (Figure 1). The most suitable mathematical model to describe 
the data was the logistic model, used to estimate both fresh and dry calli growth 
kinetics. Both the models presented a determination coefficient of 0.98 (Figure 1). 
 
Figure. 1 Callus growth kinetics originated from hypocotyls of physic nut (Jatropha curcas L.) cultivated 
on MS medium supplemented with 0.5 mg L
-1
 2,4-Dichlorophenoxyacetic acid (2,4-D) until 180 days of 
in vitro culture. Dry and fresh weight of callus. 
 
The calli growth kinetics is important to decide the management of calli culture, 
mainly to decide when these calli must be pealed and to determine when a great amount 
of secondary metabolites will be produced. According to Smith (1992) in the 
deceleration phase (in our study it occurred between the 100
th
 and the 120
th
 days) it is 
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recommended the calli pealing for another new culture medium due to nutrient 
reduction, loss of water from culture medium and toxic substances accumulation. The 
ideal period for extraction of secondary metabolites is the stationary phase (in our study 
it occurred between the 120
th
 and the 140
th
 days), when the production of the primary 
metabolites practically ceases and the accumulation of secondary metabolites is 
beginning. However, studies of different secondary metabolites must be carried out to 
establish their kinetics and to evaluate the factors involved in their production. The dry 
calli growth kinetics is important for the management involving industrial applications, 
whereas dry biomass is more stable than the fresh biomass, moreover it is necessary to 
know the dry biomass yield because it is used in industrial process. The largest yield of 
dry calli biomass had an average of 6.2 g at the 120
th
 day of culture, representing 6.6% 
of the original fresh biomass of callus. 
 
3.2 Total protein and amino acids 
 
In order to adjust the regression equations for total protein content from callus 
tissue, two models were adjusted to explain different situations from different periods of 
kinetics. The best model to describe the data from the installation of the experiment to 
the 79
th
 day was the exponential model and from the 80
th
 to the 180
th
the quadratic 
model was the best one. The determination coefficient was 0.92 referring to all curve 
points (Figure 2). 
During the lag phase (until the 10
th
 day), the total protein accumulation was 
extremely low and its increment was negligible. But increased considerably at 
exponential phase until the 80
th
 day, in which occurred the largest production of total 
proteins in callus tissue and resulted in 0.15 μg.g
-1
calli fresh weight, which 
corresponded to linear phase, characterized by active cellular growth. After the 80
th
 day 
the total protein accumulation started to decrease progressively in successive phases 
(deceleration, stationary and decline). The lower value obtained by total protein was 
observed at the 160
th






Figure. 2 Callus growth kinetics originated from hypocotyls of physic nut (Jatropha curcas L.) cultivated 
on MS medium supplemented with 0.5 mg L
-1
 2,4-Dichlorophenoxyacetic acid (2,4-D) until 180 days of 
in vitro culture. Total protein content from callus tissues. 
 
The increment in protein content suggests changes in cellular metabolism, 
mainly due to the necessity of specific proteins to perform different biological 
functions; also, many enzymes (proteins) must be produced to accompany the cellular 
growth and its maintenance, moreover, many of these proteins play structural roles in 
the cells. When the callus becomes mature (i.e. the primary growth is almost complete), 
next to the deceleration phase, the protein content start to decrease, mainly because 
some proteins can be used as energy source, whereas the carbon source (i.e. sucrose) of 
the culture medium can be almost exhausted at this point. 
In order to adjust the equations for the kinetics of total amino acid content from 
callus tissue, two models were adjusted to explain the different periods. The cubic 
model presented the best adjustment from the installation of the experiment to the89
th 





 day. The determination coefficient was 0.89 referring to all curve 
points (Figure 3). 
During the lag phase and the beginning of exponential phase (until the 20
th
 day) there 
was a great increment in total amino acid content from callus tissue (Figure 3). This 
great and fast amino acids accumulation can be associated with the efficient use of the 
nitrogen sources presents in culture medium. From the 20
th
 to the 60
th
 day there was a 
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relative stability which corresponds to the exponential phase, and it is hypothesized that 
the amino acids have been used in biosynthesis of proteins, whereas in this phase there 
was an increment in protein accumulation in callus tissue (Figure 2). There was an 




 day. Almost at the end of linear 
phase, the amino acid content began to decrease until the end of the experiment (Figure 
3). The decrease of amino acid content coincided with the beginning of deceleration 
phase and followed decreasing in successive phases and it is hypothesized that the 
amino acids have been used as nitrogen source, similarly to what happened with 
proteins, due to shortage of the nitrogen source of culture medium. 
 
Figure. 3 Callus growth kinetics originated from hypocotyls of physic nut (Jatropha curcas L.) cultivated 
on MS medium supplemented with 0.5 mg L
-1
 2,4-Dichlorophenoxyacetic acid (2,4-D) until 180 days of 
in vitro culture. Amino acid content from callus tissues. 
 
The lowest value for total amino acids was 0.91 μg per gram of calli fresh 
weight, and occurred at the beginning period of the culture, this reflect the nutritional 
status of the explant (hypocotyls). Different results were obtained in Byrsonima 
intermedia, in which the initial explants (i.e. leaf explants) at the start of culture 
presented the highest content of amino acids, what was possibly caused by the nutrition 
state of the explant before the excision (Nogueira et al. 2008). 
 




The most suitable mathematical model to describe the data for the total soluble 
sugars kinetics was the linear model. The determination coefficient was 0.87 (Figure 4). 
Total soluble sugars were higher at the installation of the experiment and decreased 
linearly until the end of the experiment. Similar results were found in Bertholletia 
excelsa and in Garcinia bralisiensis in which the total soluble sugars were higher on the 
inoculation day and decreased during the growth kinetics (Serra et al. 2000; Santos-
Filho et al. 2014). Higher sugar contents at the inoculation day can be associated to the 
energetic reserves of the explant and were consumed to supply the energetic necessity 
of all metabolic processes of the calli. This result suggests a difficulty of the callus 
uptakes the sucrose presents in culture medium. 
 
Figure 4. Callus growth kinetics originated from hypocotyls of physic nut (Jatropha curcas L.) cultivated 
on MS medium supplemented with 0.5 mg L
-1
 2,4-Dichlorophenoxyacetic acid (2,4-D) until 180 days of 
in vitro culture. (A) Total soluble sugars. 
 
In order to adjust the regression equations for the kinetics of consumption of 
reducing sugars for callus tissue growth, two models were adjusted to explain different 
situations in different periods. The best model adjusted from the installation of the 
experiment to the 79
th
 day was the rational model and from the 80
th
 day to the 180
th
 day 
the best one was the multiple multiplicative factor model. The determination coefficient 
was 0.99 referring to all curve points (Figure 5). Reducing sugars were higher at the 
inoculation day and at the 80
th
 day (i.e. corresponding to linear phase) and then 





Figure 5. Callus growth kinetics originated from hypocotyls of physic nut (Jatropha curcas L.) cultivated 
on MS medium supplemented with 0.5 mg L
-1
 2,4-Dichlorophenoxyacetic acid (2,4-D) until 180 days of 
in vitro culture. Reducing sugars from callus tissues. 
 
Reducing sugars are the first sugars consumed in the cellular metabolism due its 
higher reactivity than the non-reducing sugars (Carvalho et al. 2013). The higher level 
of reducing sugars at the initial phase of the culture can be associated to the nutritional 
status of the initial explant (i.e. hypocotyl) and the second peak with higher level of 
reducing sugars that occurred at 80
th
 day can be attributed to the glucose and fructose 
uptake originated from cleavage of sucrose presents in culture medium. The cleavage of 
sucrose in monosaccharides could have occurred due to instability in the culture 
medium influenced by putative pH changes or by explant exudation of putative 
compounds which could promote the sucrose cleavage. 
 
3.4 Ethereal extract 
 
The highest percentage of ethereal extract (oil content) was obtained at the 120
th
 
day of culture, reaching 18% of crude oil from the callus. For this characteristic, two 
mathematical models were proposed: one explaining the crude oil accumulation inside 
the callus tissues and the other explaining the oil consumption by the callus tissue. For 
oil accumulation a quadratic model was adjusted and for the oil consumption a rational 





Figure 6. Callus growth kinetics originated from hypocotyls of physic nut (Jatropha curcas L.) cultivated 
on MS medium supplemented with 0.5 mg L
-1
 2,4-Dichlorophenoxyacetic acid (2,4-D) until 180 days of 
in vitro culture. Ethereal extract (crude oil) from callus tissues. 
 
An oil exudation could also be observed from callus tissues to the culture 
medium, suggesting that the amount of oil produced can be higher than 18%. It is 
already known that oil plants need also fatty acids as carbon sources, as observed in 
Cocos nucifera embryos cultivated in vitro on lauric acid, wherein the lauric acid 
stimulated the plantlet growth and its development (López-Villalobos et al. 2011). The 
oil yield in the calli was lower than the amount produced in seeds, whereas the oil 
content of seed kernel from 11 counties varied from 51.3% to 61.2% (Li et al. 2006). 
Nevertheless, in vitro it is possible to produce oil throughout the year, while the physic 
nut plants produce seeds once a year. In order to produce fatty acids from callus tissues, 
the calli must be harvest around the 120
th
 day of in vitro culture.  
 
3.5 Fatty acid composition 
 
The calli produced medium-chain and long-chain fatty acids (from 10 to 18 
carbon atoms) (Table 1). The medium-chain fatty acids were saturated (i.e. capric acid 
and lauric acid) while the medium-chain fatty acids, produced in higher amounts 
(93.76%), were saturated and unsaturated. The percentage of the unsaturated and 
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saturated fatty acids was of 9.92% and 90.08%, respectively. The oleic, stearic and 
linoleic acids (C18) represented 13.77% of the oil. The palmitic acid was the fatty acid 
with the highest proportion in oil (55.4%), followed by pentadecanoic acid (11.63%) 
and myristic acid (11.25%) (Table 1). The palmitic acid was also the fatty acid found in 
higher concentration in calliof melon induced by different tissues such as hypocotyls, 
cotyledons, roots, leaves and stems (Halder and Gadgil, 1984). 
 
Table 01. Determination of the fatty acid composition of crude oil of physic nut (Jatropha curcas L.) 
callus after 110 days of in vitro growth by gas chromatography-mass spectrometry (GC-MS). Extraction 
was performed by the Soxhlet Method using petroleum ether (ethereal extract). 
 
In four provenances of Mexico the major fatty acids found in the oil samples were oleic (41.5–48.8%), 
linoleic (34.6–44.4%), palmitic (10.5–13.0%) and stearic (2.3–2.8%) acids (Martínez-Herrera et al., 
2006). 
 
The lipid profile obtained in callus oil was different from the seed oil profile 
(Table 1). There are many differences in the oil produced in callus, such as the presence 
of fatty acids (capric, lauric, pentadecenoic and pentadecylic) that are not present in 
seed oil. The callus oil had myristic acid, palmitic acid and oleic acid in larger 
proportions than seed oil. The seed oil presents higher proportions of stearic acid and 
linoleic acid than callus oil (Table 1). These differences in lipid profile of callus and 
seed oil are probably due to differences in the gene expression of cells of different 
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tissues (calliand embryos), which results in changes in the metabolism of these cells and 
tissues. 
Similar results were found for the lipid profile obtained from cell suspension of physic 
nut which was different from the seed oil profile; however there was a great variation on 
the lipid profile among different populations of physic nut, as well as qualitatively and 
quantitatively in these cell suspensions, being difficult to establish a profile for oil 
produced from cell suspension (Correa and Atehortúa 2012). Consequently, it is 
possible that calli obtained from different populations of physic nut could present 
different lipid profile or other metabolites. In this case, appropriate genotypes must be 
selected according to the desired metabolite. However, the callus growth kinetics in the 
present study can be useful to carry out these researches. 
 
4 Conclusions 
The callus growth kinetics presented a sigmoid standard curve with six distinct 
phases: lag (0-10
th
 days), exponential (10-60
th
 days), linear (60-100
th
 days), deceleration 
(100-120
th
 days), stationary (120-130
th
 days) and decline (after the 130
th
 day). The 
highest percentage of ethereal extract (oil content) was obtained at the 120
th
 day of 
culture, reaching 18% of crude oil from the callus. The calli produced medium-chain 
and long-chain fatty acids (from 10 to 18 carbon atoms).The lipid profile obtained in 
callus oil was different from the seed oil profile. The palmitic acid was the fatty acid 
with the highest proportion in oil (55.4%). The callu oils presented some fatty acids (i.e. 
capric, lauric, pentadecenoic and pentadecylic) that are not present in seed oil. The 


















CHAPTER II (RESEARCH RESULTS) - ANTHELMINTIC ACTIVITY AND 
CYTOXICITY EFFECTS OF HOT AQUEOUS EXTRACTS OF KERNELS AND 
CALLUS OF PHYSIC NUT (Jatropha curcas L.) – Euphorbiaceae 
 




Studies were undertaken on the nematicidal activity of hot aqueous extracts in different 
pHs of Jatropha curcas kernel against Caenorhabditis elegans. The most effective pH 
extract was 5, followed of 7 and 9, presenting LC50 (lethal concentration, 50%) of 
16.76, 24.02 and 30.02 mg.mL
-1
. Hot aqueous extract (pH 5) obtained from callus tissue 
(with 115 days of culture) also has nematicidal activity with LC50 of 14.52 mg.mL
-1
. 
These extracts were not toxic against Artemia salina. Biocompounds screening was 
perfomed using different analytical approaches. The biological activity of the 
compounds found in the hot aqueous extracts, evaluated by in silico analysis through 
prediction of activity spectra for substances (PASS) software, indicated that thirteen 
phytochemicals were expected to show anthelmintic activity at various levels. In silico 
studies showed that the values of Pa (probability to be active) for these biocompounds 
found and they varied from 0.436 and 0.865, respectively. The nematicidal 
fitochemicals were not completed elucidated, but different pH extraction and tissue type 
presented different nematicidal compounds, such as fatty acids, furfural and phorbol 
esters. 
 
Keywords: Artemia salina, Caenorhabditis elegans, nematicidal activity, natural 





The physic nut (Jatropha curcas L.) belongs to Euphorbiaceae family and is an 
evergreen shrub. This species has gained special attention due to possess easy 
adaptation to diverse edaphoclimatic conditions and drought tolerance. Although this 
species is in domestication process (Costa et al., 2011; Horbach et al., 2014). It presents 
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high oil content, mainly designated to biodiesel production. Moreover, this plant is an 
important candidate for the development of new products such as biopesticides, 
anthelmintics, molluscicides, and fungicides (Costa et al., 2015).  
The anthelmintic activity of the physic nut is already known traditionally. In 
Africa, the seeds are used as an anthelmintic (Watt and Breyer-Brandwijk, 1962) and 
the root decoction is drunk as vermifuge in Eastern Tanzania (Chhabra et al., 1990). 
However, some scientific studies have proven the nematicidal properties of the physic 
nut. Nematicidal properties were found in the seed oil (Shanker and Dhyani, 2006), in 
seed extract (Joymati et al., 1998; Eguale and Giday, 2009; Monteiro et al., 2011; Salles 
et al., 2014), in leaf extracts (Joymati et al., 1998; Suharti et al., 2010), in stem (Joymati 
et al., 1998) and in cake (Kalaiarasan et al., 2007). However, the bioactive compound or 
compounds with anthelmintic activity is yet unknown.  
There is a great necessity to find new anthelmintic drugs to control the plant and 
animal-parasitic nematodes that have acquired resistance against the commercial 
nematicides. However, there is not prevision of new nematicide compounds for the next 
years, being necessary extensive studies to resolve this problem.  
J. curcas has just a crop per year, this limit the use of its seeds to produce 
phytotherapic anthelmintics or nematicide formulations to be applied in soil. On the 
other hand, tissues produced in vitro in great scale could supplement a great amount of 
raw material to industry, avoiding the problems such as year station, pests, plant 
diseases and abiotic stresses on the plantations, which can influence in the metabolic 
compounds and result in variation of efficacy of phytotherapic or crude extracts. The 
plant tissue culture cans multiplicated genetically identical copies of a selected genotype 
in great amount in a short period of time (Silva et al., 2014). Moreover, the culture in 
bioreactors can promote a higher production of biomass than the conventional culture 
using flasks (Scheidt et al. 2011) or using hairy root culture (Makhzoum et al., 2013; 
Habibi et al., 2016). 
Therefore, the aims of this study were to evaluate the anthelmintic activity of hot 
aqueous extracts of kernels and calli of J. curcas, the toxicity effects of these extracts 
against Artemia salina nauplii. Moreover, to identify the bioactive compounds 
associated to anthelmintic activity. 
 




2.1 Chemical reagents 
 
The chemical reagents 12-O-Tetradecanoylphorbol 13-acetate (TPA), cellobiose, 
glucose, xylose, xylitol, formic acid, acetic acid, ethanol, furfural, glucuronic acid, 
galacturonic acid, gluconic acid, mannose, arabinose, furfurilic acid, glycerol, levulinic 
acid and hydroxymethylfurfural were purchased from Sigma-Aldrich
®





2.2 Plant material and culture conditions 
 
Seeds of a toxic variety of physic nut (Jatropha curcas L.) were purchased from 
Carol Company, Dourados City, Mato Grosso do Sul State, Brazil. In order to establish 
the seedlings (explant donors) in vitro, seeds were decoated and immersed in 70% 
ethanol for 1 min and immersed in 2.5% sodium hypochlorite for 10 min (all solutions 
were agitated manually in laminar flow cabinet during seed immersion), after the 
disinfection the seeds were washed four times with distilled water and autoclaved. The 
seeds were sowed on MS medium (Murashige and Skoog, 1962) with 30 g.L
-1
 sucrose 




). The pH was adjusted to 5.8 (Costa et al. 
2010). All explants were maintained in a growth chamber under light (photoperiod of 





by white fluorescent lamps. 
 
2.3 Callus induction 
 
In order to induce calli formation, hypocotyl explants were excised from 
seedlings (15 days old). The inoculation of explants was carried out on MS medium 
containing 30 g.L
-1
 sucrose, 7 g.L
-1
 agar, pH adjusted to 5.8 and supplemented with 0.5 
mg.L
-1
 2,4-D (2,4-Dichlorophenoxyacetic acid) (Soomro and Memon, 2007). 
 
2.4 Hot aqueous extraction 
 
In order to obtain the extracts in different pHs, different distilled water volumes 
had its pH adjusted to pH 5, 7 and 9. Extracts were performed using callus tissue (pH 5) 
and kernels (pH 5, 7 and 9). Callus or kernel fresh weight (10 g) were macerated and 
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extracted in 100 mL boiled distilled water (1:10 w/v) during 30 min on water bath at 95
o
 
C. After, the extracts remained at room temperature (25
o
 C) under 80 rpm agitation (in 
the dark) during 24 h, after they were filtered with Whatman No. 1 filter paper. The 
extracts were lyophilized. In order to determine fatty acids of the extracts, the total 
lipids were separated from samples by method of Bligh and Dyer (Bligh and Dyer, 
1959). 
 
2.5 Anthelmintic activity 
 
C. elegans wild-type strain N2 (Bristol) and E. coli strain OP50 were generous 
gifts from Dr. Marcelo Mori (Federal University of Sao Paulo, Brazil). The stocks were 
maintained at 20 
◦
C on Escherichia coli OP50/NGM (nematode growth media) plates as 
previously described (Brenner, 1974). Synchronous L1 populations were obtained by 
isolating embryos from gravid hermaphrodites using bleaching solution according to 
standard procedures (Solis and Petrascheck, 2011). 
Assays for lethality with wild-type C. elegans were performed with complete S-
medium in 96-well cell culture plates (Solis and Petrascheck, 2011). On the day of 
experiments, appropriate aliquots of the lyophilized extracts or 12-O-
Tetradecanoylphorbol 13-acetate (TPA) stock solutions were added to S-medium 
containing 20 synchronized second-stage larvae (L2). Final concentrations of the 
lyophilized extracts were added in the range of 5.0–80.0 mg.mL
-1
. Final concentrations 
of the 12-O-Tetradecanoylphorbol 13-acetate (TPA) were added in the range of 0.25–
1.0 mg.mL
-1
. As negative control experiment, nematodes were exposed to complete S-
medium (free of any extract or drug). The nematodes were incubated for 24 h at 20 
◦
C 
and the LC50 values, representing 50% lethality at a given concentration and 95% 
confidence interval (CI95) were estimated. All assays were performed in triplicate. 
 
2.6 Cytotoxicity of the extracts by Artemia salina bioassay 
 
An adapted Solis et al. (1993) method by Gollo et al. (2016) was employed for 
the cytoxicity analysis of the extracts. A positive control was made from potassium 
dichromate at 0, 1, 3.125, 6.25, 12.5, 25 and 50 μg.mL
-1
. Lyophilized powder of kernel 
and callus extracts (pH 5) were evaluated at the levels of 62.5, 125, 250, 500 and 1000 
µg.mL
-1
. After 24 h of treatment, the numbers of dead and living nauplii were counted, 
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and these data were used to estimate the LC50 (lethal concentration, 50%) and 95% 
confidence interval (CI95). All assays were performed in triplicate. 
 
2.7 Characterization by Fourier transform infrared spectroscopy (FTIR). 
 
The functional groups present in the samples of hot aqueous extracts of the 
kernels (pH 5, 7 and 9) and callus (pH 5) were determined by Fourier transform infrared 
spectroscopy (FTIR), performed in equipment VERTEX 70 (Bruker) equipment, using 
the DRIFT accessory (diffuse reflectance) with 64 scans, 4 cm
-1 
resolution, in the 
presense of atmospheric compensation in the region from 4000 to 400 cm
-1
. Lyophilized 
extracts were used as samples. In order to determine the samples, approximatelly 20 mg 
were mixed with 100 mg KBr spectroscopic grade, homogenized and places on the 
DRIFT accessories and the spectra reported. 
 
2.8 Analysis of carbohydrates and its derivatives 
 
Cellobiose, glucose, xylose, xylitol, formic acid, acetic acid, ethanol, furfural, 
glucuronic acid, galacturonic acid, gluconic acid, mannose, arabinose, furfurilic acid, 
glycerol, levulinic acid and hydroxymethylfurfural were determined by High-
Performance Liquid Chromatography (HPLC), in a Shimadzu Chromatograph equipped 
with an Aminex HPX-87H column, working in a furnace at 60
o
 C. Mobile phase was 
sulfuric acid (5 mM) at rate of 0.6 mL.min
-1
 with an IR detector. 
 
2.9 Phorbol esters (PHes) determination 
 
Phorbol esters were extracted from samples after induction using 2 ml of 
methanol as co-solvent. After co-solvency of the reaction medium, the methanol was 
further used to determine the PHes concentration by Varian 320 LC-MS with MS mode 
for confirmation. PHes concentration was determined an aliquot was loaded on HPLC 
Varian 212 with  reverse phase C18 LiChrophere 100, 5 µm (250 × 4 mm ID. from 
Merck) column. The column was protected with a head column containing the same 
material. The separation was performed at 45 °C temperature and the flow rate was 0.2 
ml/min using isocratic elution, the mobile phase consisted of 1:1 (v/v) (88% ultrapure 
water/ 11% acetic acid/ 1% acetonitrile) with metanol. The injection volume was 20 µl 
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MS/MS conditions. The parameters used for the mass spectrometry under ESI+ mode 
were as follows: scan range, 50–1.000 m/z, multiple reactions monitoring (MRM) was 
used for the sensitive and selective detection of PHes, and other derivatives, capillary 
voltage 5.00 kV, shield potencial 600 V, detector EDR mode, cone voltage 120 V, 
source block temperature 55 °C, drying gas 20 psi, nebulizing gas 45 psi, API housing 
55
o 
C, drying gas 180
o
 C. To achieve sensitive and selective detection of PHes and 
derivatives by LC–MS/MS, was identify the basic fragment ion shared by PHes and 
derivatives and also to optimize the MS/MS conditions accordingly. Next, in order to 
confirm whether the specified fragment ion was detected the PHes MS spectra were 
analyzed using the concentrated solutions. The detected peaks were qualitatively 
analyzed by comparing the MS/MS spectra of the fragments and identified by product 
ion scanning with PHes. The principal precursor ion (m/z = 311) originating in the 
frame unit and the product ion (m/z = 165; maximum ion intensity) were used for 
MRM. The detection limit of was 0.002 μg/mL in the MRM mode. The group of PHes 
peaks was detected at and appeared at 4–8 min of chromatogram. The results were 
expressed as equivalent to an external standard, phorbol-12-myristate-13-acetate. 
Measurement was performed by the external standart calibration method. MS/MS was 
performed equipped with ESI source, the detection limit for phorbol esters 
quantification was 0.01 mg/g. 
 
2.10 Analysis of fatty acid composition.  
 
The methyl esters were prepared from the total lipids separated from hot 
aqueous extract of kernel (pHs 5, 7 and 9) and callus extract (pH 5) by the method of 
AOAC (1990). These fatty acid methyl esters were analyzed by a gas chromatography 
coupled with a mass spectrometry detector (GC-MS, Varian brand), model 3800 
CP/Saturn 2000 equipped with the CP-Sil CB 8 column (30 m X 0.25 mm). The initial 
temperature was 60º C with an elevation rate of 3° C/min until 250 ºC. The split was 
1/200. The scanning range was from 30 to 500 m/z. The identification was carried out in 
comparison with the NIST 98 MS Library (Varian 1998) in addition to the specific 
literature (Adams 2007). The linear retention index and the theoretical retention 
confirmed the identifications. A standard fatty acid methyl ester mixture was run and 
the retention times were used to identify the sample peaks. Fatty acid levels were 




2.11 Statistical analysis 
 
The LC50 (lethal concentration, 50%) and 95% confidence intervals (CI95) were 
calculated by Trimmed Spearman-Karber method by using TSK software version 1.5 
(Usepa, 1990).  
 
2.12 In silico screening of anthelmintic compounds 
 
The bioactivities of the phytochemicals found in the different samples were 
predicted by PASS (Prediction of activity spectra for substances) (i.e. an in silico tool 
for prediction of bioactivity) available at (http://www.pharmaexpert.ru/passonline/). The 
results of PASS software are showed as a value of probability to be active (Pa). The 
software PASS can not evaluate biocompounds with less of 3 carbon atoms, therefore, 
the formic acid, acetic acid and ethanol were not predicted their bioactivity (Poroikov 
and Filimonov, 2001). In order to validate the nematicidal activity of compounds found 
in the sample, we choice only Pa values above of 0.80.  
 
3 Results and Discussion 
 
3.1 Anthelmintic activity of kernel and callus extracts 
 
The anthelmintic activity was observed in all the hot aqueous extracts of kernels 
independent of the pH used for extraction, however, the most effective pH extract was 
5, followed of 7 and 9, presenting LC50 of 16.76, 24.02 and 30.02 mg.mL
-1
 (Table 2). 
Prior studies have made seed extraction using cold water and disconsidering the pH 
importance for extraction (Joymati et al., 1998; Eguale and Giday, 2009; Salles et al., 
2014), these studies were carried out using Meloidogyne incognita (Joymati et al., 1998) 
and  Haemonchus contortus (Eguale and Giday, 2009; Salles et al., 2014). 
The callus tissue also demonstrated nematicidal activity with a LC50 of 14.52 
mg.mL
-1 
(Table 3), these callus was 115 days old, with corresponding at deceleration 
phase in callus growth kinetics (i.e. when the higher yield of callus biomass is obtained) 
(Costa et al., 2015). The LC50 of hot aqueous extract of kernel in pH 5 was again 
established and reached a LC50 of 12.44 mg.mL
-1 
(Table 3), considering that this kernel 
was prevenient from other harvest (2015). 
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This result has demonstrated a variation among the LC50 established of kernels 
obtained from different harvests. The nematicidal activity of callus and kernels are 
similar, nevertheless, kernel can show variation in its nematicidal activiy.  This 
variation in LC50 found in kernel extracts can be due to the genetic and physiologic 
differences even into the same physic nut population (Table 3). 
34 
 
Table 2. Lethal concentration (LC50) of hot aqueous extracts of physic nut (Jatropha curcas L.) kernels 

















Hot aqueous 0 0 16.76 14.23-19.73 0.00 
(pH 5) 5 5    
 10 25    
 15 26.6    
 20 68.4    
 30 88.2    
 40 100    
Hot aqueous 0 0 24.02 20.10-28.72 14.29 
(pH 7) 5 0    
 10 0    
 15 6.25    
 20 46.6    
 30 60.0    
 40 85.7    
Hot aqueous 0 0 30.02 26.74-33.69 12.06 
(pH 9) 5 0    
 10 0    
 15 0    
 20 5.3    
 30 50.0    
 40 88.2    
 
 
Table 3. Lethal concentration (LC50) of hot aqueous extracts (pH 5) of physic nut (Jatropha curcas L.) 
kernel (harvest in December, 2015) and callus obtained from in vitro culture (at 115 days) on free-living 
















Kernel 0 0 12.44 10.46-14.79 3.77 
(pH 5) 5 8.2    
 10 29.4    
 20 78.6    
 40 100    
 80 100    
Callus 0 0 14.52 12.22-17.26 0.00 
(pH 5) 5 13.1    
 10 25.4    
 20 73.5    
 40 94.3    





In cytotoxicity test by using brine shrimp (Artemia salina) the extracts not 
produced cell toxicity. The hot aqueous extracts (pH5) kernel and callus (115 days of 
the culture) against Artemia salina was not produced mortality, Lethal concentration 
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50% (LC50) at the concentration >1000 µg.mL
-1
, these results open new possibilities for 
application in industries. These results were different, which aqueous extract of 





3.3 Extract characterization by FTIR 
 
Infrared spectra showed that the chemical composition of callus is very different 
than the kernel (Fig. 7 and Table 4). The infrared spectra of the hot aqueous extracts of 
J. curcas callus, demonstrated the absence of the bands related to asymmetric stretching 
and symmetrical of the CH2 groups and aliphatic CH3 (3000-2930 cm
-1
). Another 
notable difference is also in the region of carbonyl groups (C=O), callus extract exhibits 
band at 1762 cm
-1
 and the kernel extracts is in this band 1749 cm
-1
, probably due to the 
first band is a carboxylic acid e the second band is a ketone. 
 
 
Figure 7 – Reflectance spectra of infrared of the hot aqueous extracts of Jatropha curcas kernel and 
callus in different pH. CpH5 – Extract of callus tissue in pH 5, KpH5 - Extract of kernel in pH 5, KpH7 - 




Thamizhselv et al. (2013) reported that seed of J. curcas exhibits absorption 
band around 3010-2930 cm
-1
 corresponding to C-H vibrations stretching of the CH2 
groups due the presence of amino acids and fats, this band may also be characteristic of 
the presence of aliphatic C-H groups in these compounds. The band in 1750 cm
-1 
(C=O) 
stretching indicates the presence of carbonyl groups. 
 
Table 4. Bands and Assignments FTIR for Jatropha curcas hot aqueous extracts of kernel and callus at 
different pH. CpH5 – Extract of callus tissue in pH 5, KpH5 - Extract of kernel in pH 5, KpH7 - Extract 
of kernel in pH 7 and KpH9 - Extract of kernel in pH 9. 
Bands Assignments 
CpH 5 KpH 5 KpH 7 KpH 9  
3380 s 3380 w - 3380 m Stretching vibrations O-H or N-H  
- 3014 w 3014 w 3014 m Stretching vibrations CH (aromatics) 
- 2956 w 2956 w 2956 w Stretching vibrations CH (aliphatic) 
- 2930 s 2930 s 2930 s Stretching vibrations (symmetric and 
assymmetric) CH2  (aliphatic) 
- 2856 s 2856 s 2856 s Stretching vibrations CH3 (aliphatic) 
2067 m - - - Stretching vibrations C=C (aromatic ring) 
1762 w 1749 s 1749 s 1749 s Stretching vibrations C=O (ketone and carboxilic 
acid) 
- - 1685 w - Stretching vibrations C=C 
1650s 1654 w 1652 w 1656 w Stretching vibrations C=C 
- 1544 w 1560 w 1560 w Stretching NH 
- - 1540 w 1540 w C=C 
1458 w 1458 m 1458 w 1460 w Stretching CH 
 1422 w 1422 w 1422 w Assymmetric Stretching CH3 
1400 s 1400 w 1400 w 1400 w In-plane bending vibration, O-H 
- 1379 w 1379 w 1379 w In-plane bending vibration, O-H 
- 1322m - - Stretching C-O 
1244 w 1240 w 1236 w 1240 w In-plane bending vibration CH 
1078 w 1141 w 1164 w 1164 w Stretching Coupled C-O + C-C 
- - - 1124 w Stretching C-O 
- 1100 w 1100 w 1100 w Stretching C-O 
- 1055 w - - Assymmetric vibrations C-O 
- 997 m 995 w 999 w Bending C-H 
920 w 930 m 930 920 w Bending =C-H 
896 w - - - Rocking vibrations, CH3 
864 w - 844 w - Bending =C-H 
830 m - - 830 w Bending =C-H 
- 780 w 780 w - C-H 
- - - 730 w Out-of-plane bending , OH 





The present investigations show the presence of carbohydrates, amino acids, 
amides, esters, ethers, phenols, proteins and fat probably in different amounts of 
samples of the plants investigated. 
 
3.4 Partial characterization of the extracts 
 
There are very differences among the chemical profile found in the four extracts 
studied (Table 5 and 6). These chemical profile is corroborated by FTIR analysis 
already discussed in the previous section. 
 
Table 5. Compounds identified in different hot aqueous extracts of kernel and callus of physic nut 
(Jatropha curcas L.). 
  Kernel extract Callus extract 
       mg.g
-1 
dry weigth 
Compound pH 5 pH 7 pH 9 pH 5 
Cellobiose nd
1
 0.0163 0.0178 0.009 
Glucuronic acid nd nd nd nd 
Galacturonic acid nd nd nd nd 
Gluconic acid nd nd nd nd 
Glucose 0.3524 0.0632 0.2735 0.033 
Mannose nd nd nd nd 
Xylose 0.1567 nd 0.1106 0.035 
Arabinose nd nd nd nd 
Xylitol nd 0.0024 0.0022 nd 
Furfurilic acid nd nd nd nd 
Glycerol nd nd nd nd 
Formic acid nd nd 0.4477 nd 
Acetic acid nd nd 0.0369 nd 
Levulinic acid nd nd nd nd 
Ethanol nd nd 0.0384 nd 
Hydroxymethylfurfural nd nd nd nd 
Furfural 0.0523 nd 0.0422 nd 
Phorbol esters 0.0351 0.0374 0.0388 0.0450 
 
These differences in chemical profile main involving the extraction in different 
pHs, what influences in high or minor solubility of these compounds according with 
their chemical groups. The fatty acids are not soluble in water, but their presence in 
water extracts can be due to hydrolysis of oil during the hot extraction. 
The yields for the extracts were 1.3% and 0.61% for kernel and callus extracts 
(pH 5), 1.2% for kernel extract (pH 7) and 1.18% for kernel extract (pH 9). The 
spectrometric profile of phorbol esters presented five fragment sizes, being 114.8, 
150.8, 230.9, 300.9 and 324.9, corroboring with the data found by Haas et al. (2002). 
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The nematicidal activity of the furfural is already known, but the LC50 of 
furfural was not established yet against C. elegans. However, furfural application is 
against phytonematoids (El-Mougy et al., 2008). Although, only the kernel extract (pH 
5) showed a low concentration of furfural (Table 5). The presence of the furfural in the 
kernel extract (pH 5) can be an explanation for this extract presented the best 
performance. The mode of action of furfural against nematodes has been described as 
the destruction of the nematode cuticle (Burger, 2005). Although, we must consider also 
the presence of other nematicidal compound did not identified yet. 
 
 
Table 6. Fatty acids identified in crude oil found in different hot aqueous extracts of kernels and callus of 
physic nut (Jatropha curcas L.). 
 Kernel extract Callus extract 
Oil yield from extract (%) 12.59 12.80 6.46 0.0 
          µg per mg of fatty acids 
Capric acid (C10:0) nd
1
 2.59 nd nd 
Palmitoleic acid (C16:1) nd 7.64 4.88 nd 
Palmitic acid (C16:0) 216.85 139.72 236.55 nd 
Linoleic acid (C18:2) 242.98 347.94 153.86 nd 
Oleic acid (C18:1) 300.1 430.17 361.92 nd 
Stearic acid (C18:0) 108.08 71.94 123.08 nd 




Some fatty acids and their derivatives have been reported to have nematicidal 
activity (Tarjan and Cheo, 1956; Sayre et al., 1965; Djian et al., 1994; Davies et al., 
1997). Tarjan and Cheo (1956) reported that straight-chain fatty acid radicals of 
intermediate carbon-chain length (C8-C10) had the highest nematicidal activity of the 
fatty acids tested, and that better emulsions would improve nematicidal activity. Djian 
et al. (1994) have indicated that the nematicidal activity of dicarboxylic fatty acids 
could be improved by esterification of these compounds. 
The nematicial activity of the fatty acids can be described according their LC50 
18h against C. elegans, being the order of the most actives the linoleic acid (LC50 = 5 
µg.mL
-1
), followed by palmitoleic acid (LC50 = 10 µg.mL
-1
), oleic and palmitic acid 
(LC50 = 25 µg.mL
-1
), stearic acid and decanoic acid or capric acid (LC50 = 50 µg.mL
-1
) 
and arachidic acid (LC50 > 100 µg.mL
-1
) (Stadler et al., 1994). 
The mode of action of fatty acids is yet unknown, however, it was suggested that 
the probable mechanism of action of the methyl pelargonate (fatty acid) is due to its 
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physical properties might promote some type of detergent (solubilization) effect that 
may adversely interfere with the integrity and permeability of the nematode cuticle or 
hypodermis. Jalal and Read (1983) suggested that the inhibitory effects of fatty acids of 
intermediate chain length that have been observed in biological systems may involve a 
direct interaction between the fatty acids and lipophilic regions of the target plasma 
membranes. 
The fatty acid profile was different in kernel extracts in different pHs. The 
extract obtained in pH 5 does not have the capric acid, palmitoleic acid and arachidic 
acid, the extract obtained in pH 7 does not have the arachidic acid and the extract 
obtained in pH 9 does not have the capric acid. The callus extracts did not present these 
fatty acids (Table 6). The nematicidal activity of the kernel extracts could be increased 
if these extracts were microemulsioned, whereas fatty acids are not soluble in water. 
The fatty acids concentrations found in the kernel extracts are above than LC50 
established for C. elegans described by Stadler et al. (1994). However, there is no 
information about the resistance of this nematode strain in order to compare with the 
namtode strain used in the present study. 
 
3.5 In silico analysis for nematicidal activity of compounds 
 
The biological activity of the compounds found in the hot aqueous extracts, 
evaluated by in silico analysis through prediction of activity spectra for substances 
(PASS) software, indicated that thirteen phytochemicals were expected to show 
anthelmintic activity at various levels. In silico studies showed that the values of Pa 
(probability to be active) for these biocompounds found and they varied from 0.436 and 
0.865, respectively (Table 7). 
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Table 7. In silico analysis for nematicidal activity of compounds found in all the hot aqueous extracts of 
J. curcas seed and callus by PASS prediction (Filimonov et al., 2014). 
Compound  Predicted Activity Pa
*
 Extract 
Cellobiose Anthelmintic (nematicidal) 0.681 pH 7 and 9 
Glucose Anthelmintic (nematicidal) 0.660 pH 5, 7 and 9 
Xylose Anthelmintic (nematicidal) 0.437 pH 5 and 9 
Xylitol Anthelmintic (nematicidal) 0.460 pH 7 and 9 
Furfural Anthelmintic (nematicidal) 0.436 pH 5 and 9 
Capric acid Anthelmintic (nematicidal) 0.697 pH 7 
Palmitoleic acid Anthelmintic (nematicidal) 0.626 pH 7 and 9 
Palmitic acid Anthelmintic (nematicidal) 0.697 pH 5, 7 and 9 
Linoleic acid Anthelmintic (nematicidal) 0.580 pH 5, 7 and 9 
Oleic acid Anthelmintic (nematicidal) 0.626 pH 5, 7 and 9 
Stearic acid Anthelmintic (nematicidal) 0.697 pH 5, 7 and 9 
Arachidonic acid Anthelmintic (nematicidal) 0.580 pH 9 
TPA
**
 Anthelmintic (nematicidal) 0.865 - 




Pa = Probability to be active.
 ** 
12-O-tetradecanoylphorbol-13-acetate (compound does not produced in 
J. curcas, this compound was used as an external standart due to high similarity with PE from J. curcas 
*** 
Not determined due to absence of availability of a commercial standard. 
 
Some these compounds with predicted anthelmintic activity already reported in 
the literature, agreeing with this prediction, being some fatty acids (capric acid, 
arachidic acid, palmitoleic acid, palmitic acid, linoleic acid, oleic acid and stearic acid) 
and the heterocyclic aldehyde furfural (Table 5 and 7). However, the nematicidal 
activity of cellobiose, xylose, glucose, phorbol esters and xylose were not found in the 
literature. Although, the glucose shortens the life span of C. elegans by downregulating 
DAF-16/FOXO activity and aquaporin gene expression (Lee et al., 2009). These 
predicted compounds, but it not described in the literature for nematicidal activity, it is 
necessary to validate it for this activity. 
Phorbol esters are not considered as nematicidal compound in the literature 
abour physic nut. However, in studies with the species, Aleurites cordata, Aleurites 
fordii and Sapium japponicum (methanolic extract) of Euphorbiaceae against the 
pathogenic nematode Bursaphelenchus lignicolous, was suggested the activity of these 
euphorbiaceous plants could to be due to phorbol esters, and their related compounds, 
odoracin and odoratrin, that showed nematicidal activity (Kawazu et al., 1980). 
The TPA presented a LC50 = 0.67 mg.mL
-1 
against C. elegans, however, TPA is 
not found in physic nut, but it is used usually as an external standard to determine the 
phorbol esters concentrations equivalent to TPA (Makkar et al. 1998; He et al. 2011), 
TPA is very similar with the phorbol ester found in physic nut and is the only available 
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commercial standard. None phorbol ester commercial internal standard is available for 
physic nut at the moment. 
The TPA LC50 was validate in the present study due to have a high Pa value 
(0.865), this value is larger than the Pa value (0.749) found for 12-deoxi-16-
hydroxiphorbol (Table 7), the six phorbol ester of J. curcas are all derivatives from 12-
deoxi-16-hydroxiphorbol, nevertheless, all these six intramolecular diterpene esters are 
unstable (Haas et al., 2002). We can consider the nematicidal activity of TPA as 
moderate comparing with other LC50 available in the literature, this result suggests the 
nematicidal activity of phorbol esters of J. curcas is also moderate. Other question is 
about the concentrations observed in these extracts, varying from 0.0351 to 0.045 
mg.mL
-1 
(Table 5), what represents approximately 17 times minor than the LC50 
established for TPA (Table 8). The callus extract had obtained the major concentration 




Table 8. Lethal concentration (LC50) of 12-O-tetradecanoylphorbol-13-acetate (TPA) on free-living 















0 0 0.67 0.59-0.77 15.25 
0.25 5.8    
0.50 22.2    
1.00 84.7    
 
 
In another study, J. curcas calli produced phorbol esters varying from 2.44 to 
5.27 mg/g dry weight, these calli were induced from seed explants that were cultured in 
MS medium supplemented with 2.5 mg.L
-1
 NAA (naphtalene acetic acid) and 0.5 mg.L
-
1
 BAP (benzyl amino purine) (Wirasutisna et al., 2011). However, in this another study, 
phorbol esters were extract with dichloromethane, so solubilized with ethanol and in 
this present study, we had extracted with hot water. 
Phorbol esteres are purgative, skin-irritant and, of more concern, are tumour-
promoters. Phorbol esteres act as a structural analogue of diacylglycerol, an activator of 
protein kinase C (PKC) (Zhang et al., 1995). Unlike diacylglycerol, which has a short 
biological half-life, the activation of PKC by phorbol esteres has a prolonged effect 
which leads to a number of biological activities, including the triggering of cell 
proliferation (Goel et al., 2007). Moreover, phorbol esters  showed a molluscicidal 
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(Devappa et al., 2012), insecticidal (Jing et al., 2004), and fungicidal activities 




How aqueous extracts of kernels and calli of J. curcas have anthelmintic 
activity. Extraction in different pH presented different results. The most effective pH 
extract was 5, followed of 7 and 9, presenting LC50 (lethal concentration, 50%) of 
16.76, 24.02 and 30.02 mg.mL
-1
. Hot aqueous extract (pH 5) obtained from callus tissue 
(with 115 days of culture) presented a LC50 of 14.52 mg.mL
-1
. The anthelmintic activity 
of callus and kernel are similar, however, kernel activity can vary due to harvest and 
genetic variability. These extracts were not toxic against Artemia salina. The 
nematicidal fitochemicals were not completed elucidated, but different pH extraction 
and tissue type presented different nematicidal compounds, such as fatty acids, furfural 





















5 GENERAL CONCLUSIONS 
 
The hypocotyl explants from seedlings allowed the in vitro production of callus growth 
of Jatropha curcas L. 
The kinetics of the callus growth curve of Jatropha curcas L. exhibited a sigmoid 
standard curve and obtained at the 120th day of culture the highest percentage of oil 
content (extract ethereal). 
The lipid profile obtained in callus oil was different from the seed oil profile. 
The anthelmintic activity of callus and kernel are similar, but were not completed 





































6 SUGGESTIONS FOR FUTURE RESEARCH 
 
- Development of a continuous process from callus cultures of Jatropha curcas as a 
profitable source for scaling up secondary metabolite production; 
- Molecular characterization of callus curve to identify the genetic material of the 
Jatropha curcas; 
- These results could be used in further research to establish in vitro cell suspension, 
hairy root cultures can promote a higher production of biomass and increase secondary 
metabolits production which could be a prospective for the pharmaceutical industry. 
- To identify. characterize and evaluate the effect of different extraction solvents of a 
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